Porcine circovirus type 2 (PCV2) is associated with distinct syndromes and diseases in swine, collectively known as porcine circovirus-associated diseases (PCVAD), which include postweaning multisystemic wasting syndrome (PMWS), PCV2-associated pneumonia as a part of the porcine respiratory disease complex (PRDC), PCV2-associated enteritis, PCV2-associated reproductive failure, and porcine dermatitis and nephropathy syndrome (PDNS) (1-3). PCV2-infection is widespread and essentially all pig herds are infected with PCV2. Porcine circovirus 2 (PCV2), a member of the genus Circovirus in the family Circoviridae, is a very small single-stranded negative-sense DNA virus of approximately 1.7 kb (4). The genome of PCV2 encodes three major open reading frames (ORFs) encoding the replicase proteins (ORF1), the viral capsid protein (ORF2), and a protein with suggested apoptotic activity (ORF3) (5). Previous reports showed that there were five PCV2 genotypes, including PCV2a, PCV2b, PCV2c, PCV2d, and PCV2e (6-9). Here, we report the complete genome sequence of Ukrainian PCV2 isolates from different regions of Ukraine.
Introduction. Porcine circovirus type 2 (PCV2) was first recognized as a causative agent of postweaning multisystemic wasting syndrome (PMWS), a multi-factorial disease in swine in Canada in 1991 (Harding and Clark, 1997). Subsequently, it has been reported in almost all intensive pig production countries worldwide (Allan and Ellis, 2000; Chae, 2005). PCV2 causes several clinical and pathological conditions in pigs including porcine respiratory disease complex (PRDC), reproductive failures, porcine dermatitis and nephropathy syndrome (PDNS), proliferative and necrotizing pneumonia and congenital tremor (Darwich et al., 2004; Chae, 2005) . Currently, these associated diseases and conditions linked to PCV2 are called porcine circovirus associated diseases (PCVAD).
PCV2 belonging to the family Circoviridae, is a smallest mammalian, non-enveloped, single-stranded DNA virus encoding a circular genome about 1.76 kb (Mankertz et al., 1997). The genome of PCV2 contains 3 major open reading frames (ORFs): ORF1, ORF2 and ORF3. The Cap protein is the main structural and major immunogenic protein of PCV2, which is encoded by ORF2. As a result, ORF2 is commonly used for reconstruction of the phylogenetic tree similarity to the whole PCV2 genome study (Olvera et al., 2007) In Ukraine, PMWS caused by PCV2 has been reported from 2000. However, genetic information about PCV2, spreaded in swine herds of Ukraine has been still unavailable. Therefore, the objective of this study was to determine the genetic characterizations of complete genome of current PCV2 isolates from Ukraine pigs from different regions of Ukraine (included Cherkasy, Kharkiv, Chernigiv, Zaporiggia regions).
Materials and Methods. Field samples: Clinical samples (serum samples and lymph nodes) from different farms in high pig density provinces of Ukraine submitted to Molecular Diagnostic Laboratory at CVD (Center of Veterinary Diagnostics) during 2014-2015 years were included in this study. These samples were kept at -80°C until performing DNA extraction and PCR. Viral DNA was extracted from lymphoid tissue homogenates and serum samples using NucleoSpin Extract Viral DNA Kit (Macherey-Nagel, Düren, Germany) according to the manufacturer's instructions.
PCR amplification: A full-length ORF2 gene of PCV2 was amplified by PCR with forward primer, PCV2-f1 (5'-CCA TGC CCT GAA TTT CCA TA-3') and reverse primer PCV2-r1 (5'-ACA GCG CAC TTC TTT CGT TT-3') published by Takahagi et al. (2008) , in a 50 µl reaction mixture. The amplification reaction was performed with an initial step at 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 30 sec, annealing at 60°C for 30 sec and extension at 72°C for 1 min and a final extension step at 72°C for 7 min. The PCV2 positive samples of 702 nt were used for DNA sequencing.
Viral sequences and phylogenetic analysis: The PCR products were separated by 1.5% agarose gel electrophoresis and purifiedwith NucleoSpin Extract II (Macherey-Nagel, Düren, Germany) for the sequences. DNA sequencing was carried out with primers used in the previous PCR reaction. A total of 4 sequences from Ukraine pigs were obtained and translated intoamino acid sequences for analysis. The 4 Ukraine PCV2 sequences were analyzed together with representative complete genome sequences reported in GenBank. A phylogenetic trees was constructed by MEGA 6 software (Tamura et al., 2007) using the neighbor-joining (NJ) method with 1000 bootstrapping replicates (Saitou and Nei, 1987) .
Results and discussion. Genetic characterization: All 4 Ukraine of PCV2 sequences in this study had a genome length of 1768 nt and revealed nucleotide identities ranged between 100-95% ( Genome consists of at least three ORFs, encoding 2 major proteins, the Rep and Cap proteins. Multiple sequence alignment was completed by means of MEGA6 with other available strains from the GenBank nucleotide database. Ukraine isolates from Chernigiv and Zaporigga shares a 100 % identity to each other and high identity (95% to 99.7%) with the strains from 1A/B subgroup. Ukraine isolates from Cherkasy, Kharkiv shares near 100 % identity to each other and high identity (94% to 96%) with the strains from subgroup 2.
Phylogenetic analyses: The phylogenetic analysis in this study reconstructed from the 4 Ukraine complete sequences from Cherkasy, Kharkiv, Chernigiv, Zaporiggia regions of Ukraine and sequences published in GenBank database representing all PCV2 genotypes shown in Fig. 1 .
The evolutionary history was inferred using the Neighbor-Joining method [1] . The optimal tree with the sum of branch length = 0.11324677 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (100 replicates) are shown next to the branches [2] . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method [3] and are in the units of the number of base substitutions per site. The analysis involved 29 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 387 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 [4] .
Two Ukraine isolate PCV2 sequence belonged to genotype 1 (PCV2b) and two Ukraine isolate PCV2 sequence belonged to genotype 2 (PCV2a) according to the classification proposed by Grau-Roma et al. (2008) . Based on the subgroup terminology described previously (Olvera et al., 2007) , nucleotides 262-267 and amino acids 88-89 of ORF2 were compared and classified. The nucleotide sequences "CCCCGC", "CCCCTC" and "AAAATC" are the signatures motif for PCV2b subgroup 1A/B, 1C and PCV2a, respectively. The amino acid "PR" was enclosed with subgroup1A/B, while the PL and KI were related with subgroup 1C and PCV2a (Cheung et al., 2007 However, a few amino acid replacements among Ukraine sequences in this study were observed. Due to the high nucleotide substitution rate of PCV2 compared to other single-stranded DNA viruses, it was estimated approximately 1.2x10 3 substitutions/site/year (Firth et al., 2009) . Therefore, the emerging of any new PCV2 genotype is possible in the future. Since the samples in this study were collected from the highest pig density provinces, the results yielded in this study can demonstrate at least 2 introductions of PCV2 into Ukraine. Imported swine breeders and semen appear to be the major route or transmission. Another evidence of introducing new virus strain into the swine herds is using improper killed chimeric vaccine in Canada (Gagnon et al., 2010).
